Evidence is presented for the increased excretion of amylolytic enzymes into a sugarcane cell culture medium when starch was substituted for sucrose as an energy source. The excretion was further enhanced by the inclusion of 1 /AM gibberellic acid in the nutrient medium. The growth rate of the cells increased after they became adapted to starch relative to cells grown on sucrose, but the rate of amylolytic enzyme excretion remained unaltered. Amylolytic enzymes in the medium included aamylase but the identity of one or more other enzymes related to starch hydrolysis remains in doubt.
The proliferation of sugarcane cells on a medium containing starch is as good as or better than on one containing sucrose (16) . A similar effect has been shown in cell suspensions of sycamore (19) . Starch has served as a satisfactory carbohydrate source for higher plant tissues of several (12) (13) (14) , but not all species (5, 9) . Amylases are excreted or released into the culture medium of Rumex (2) , of tobacco crown gall (10) , and of five other species, including maize endosperm, that were investigated by Straus and Campbell (20) . The latter investigators also found phosphatase, peroxidase, and IAA oxidase activities in the spent nutrient medium, but IAA oxidase was released only in the presence of calcium ions. Gamborg and Eveleigh (4) have reported glucanases in suspension cultures of wheat and barley, and Veliky et al. (22) detected amylase and peroxidase in filtrates from suspension cultures of red kidney bean. Recently Olson et al. (17) reported that in tobacco cell cultures a relatively small proportion of the macromolecules in the medium is protein, although the ratio of polysaccharides to proteins changes with age of the culture. Most of the material was polysaccharide, believed to be functional in cell wall synthesis.
The objective of the present investigation was to attempt to explain why starch can serve as an energy source comparable to sucrose for the growth of sugarcane cell suspension cultures. Therefore amylopectin preparation and were found to be stable for several months.
Enzyme Incubation and Reducing Sugar Determination. The incubation mixture contained (a) 0.1 to 0.5 ml of medium (higher concentrations were inhibitory), (b) 0.5 ml of 28 mm sucrose, amylopectin, /3-limit dextrin or a-, 84-limit dextrin, and (c) citrate-phosphate buffer (pH 5.0, 80 mM) to make a final volume of 2.0 ml. Samples were incubated for 1 hr at 37.5 C in the case of sucrose, or 10 min at 30 C in the case of the other substrates. Samples were boiled for 5 min after addition of 2.0 ml (1.0 ml for invertase) of (Fig. IA) . After 12 days sucrose-grown cells approached an equilibrium between dividing and mature resting cells, while cells on the starch medium continued logarithmic growth. The pH of the media were the same at the beginning of the incubation period and did not change appreciably during the incubation. The original osmotic potential of the starch medium is about 70% less than that of the sucrose medium; the potential in the sucrose medium decreased by 85% while that of the starch decreased only 40%. Starch-degrading enzymes released into the medium of these cell cultures were analyzed using amylopectin as a substrate. The specific activity of amylolytic enzymes in the media decreased over a 16-day incubation period for both sucrose-and starch-grown cultures (Fig. 1B) . While protein excretion increased, amylolytic enzymes became a smaller proportion of the total excreted as the cultures approached a stationary growth phase. Media from cells during the first week after inoculation had a 3-fold higher specific activity with an amylopectin than with a sucrose substrate (Fig. 1. B and C) . The former may be equated with amylase and the latter with invertase activity. When the total sugarreducing activity is considered in terms of the volume in which the cells were grown, enzymes associated with cleavage of amylopectin had higher activity in the medium containing starch than they did in the sucrose medium (Fig. 1D) (Fig. 2A) . During this growth period the crude media were analyzed for amylolytic activity. In the sucrose-containing medium, there was low reducing-sugar activity with considerable fluctuations in the activities of amylopectin, 83-limit dextrin, and a-, /3-limit dextrin. Starch in the medium elicited an appreciably higher activity with each of these substrates (Fig. 2B) .
A comparison of Figure 1 D and Figure 2B shows that the rate of increase in amylolytic enzyme activity was no greater in spent media of cultures that had been preconditioned on starch (Fig. 2B) Figure 1 A. The presence of 1 pum GA stimulated excretion of enzymes that can be regarded as either a-amylase or /3-amylase (Fig.  3, A and B) . Both enzymes are reported to be stimulated by GA (18) . Excess GA (5 ,M) was less effective than 1yM GA.
The activity of the enzyme that permits reducing sugar formation from a-,/8-limit dextrin remained essentially unchanged by GA treatment (Fig. 3C) . The starch medium was persistently higher in total activity in the case of each substrate than was the sucrose medium.
Behavior of Partially Purified Enzyme Preparations from Spent Media after Cell Growth on Starch. Compared to the amylolytic activity that can be recovered from the crude spent medium, the endogenous concentrations of the amylolytic enzymes was very low (Table I) Influence of GA8 treatment on the appearance of re ducing sugars from amylopectin (A), ,-limit dextrin (B), and a-, , limit dextrin (C).
previously undigested amylopectin do not appear to be signifi cant. In some experiments /3-limit dextrin has producec slightly higher glucose-reducing activity than amylopectin in others it has been lower.
A requirement for SH groups by an enzyme constituent ol the spent starch medium was indicated by a 17% and 2591 decrease in amylolytic action on amylopectin and /3-limit dex tin respectively in the presence of p-chloromercuribenzoate Incubation of the assay mixtures in the presence of EDTA has no effect on amylolytic activity. Prolonged dialysis agains EDTA of partially purified preparations from the media anc subsequent inclusion of Ca'+ in the assay slightly increase amylolytic activity, both in media which included GA durini cell growth and in media in which cells were grown withou GA (Table II) . This suggested the presence of a-amylase Chloride ion had no stimulatory role (1) in our system.
The excretion of a-amylase was further suggested by the instability of the acetone-purified enzyme preparations at pH 3.5. Between 40 and 50% of the amylolytic activity was los within 18 hr at room temperature, and 65 to 68% was los during freezer storage at this pH during a similar period. Sim ilar treatments at pH 5.0 showed no loss of amylolytic activity.
Acetone-purified preparations from the media had a broa' pH range of amylolytic activity, with an optimum at pH 5.0 48, 1971 Extensive inactivation occurred at preincubation temperatures above 60 C.
The action pattern of our enzyme preparations has indicated very little maltose formation after a 1-hr incubation period as judged from chromatographic evidence, using a commercial preparation of "4C-labeled amylopectin from yeast.
There was some glucose formed but a large proportion of the radioactivity was located in positions with a low R, value (using 1-butanol-acetic acid-water, 4:1:5, v/v), thus indicating the predominant formation of larger saccharide fragments.
The maltase activity of spent media preparations accounted for only 1% of the total amylolytic activity.
DISCUSSION
The increase in amylopectin and dextrin-hydrolyzing activity soon after inoculation of the cultures suggests that cell necrosis does not contribute significantly to the appearance of related enzymes in the medium. Added starch may or may not induce the formation of starch-hydrolyzing enzymes, but it is clear that the excretion of starch-degrading enzymes into the surrounding medium is stimulated under these conditions. Both stationary and log phase cells rapidly release the enzymes required for hydrolysis of the polysaccharide to reducing fragments which can be taken up by the cells. Within 24 hr one can observe disappearance of the characteristic opalescence of a nutrient solution containing % starch.
The consistently higher concentrations of amylolytic enzymes in the medium of starch-grown cells (compared to cells grown on sucrose) failed to bear a clear relationship to cell 
